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We provide a descriptive survey of the morphological diversity of the 
shape of terminal phalanges of fingers and toes in ranoid frogs, based on 
analysis of 124 species of 64 genera, belonging to the Arthroleptidae 
{including Arthroleptinae, Astylosterninae and Leptopelinae), Brevicipiti- 
dae, Ceratobatrachidae, Dicroglossidae, Hemisotidae, Hyperoliidae, Man- 
tellidae, Microhylidae, Petropedetidae, Phrynobatrachidae, Ptychadenidae, 
Pyxicephalidae, Ranidae and Rhacophoridae. For comparative purposes, 
specimens of 26 species of 18 genera belonging to ten non-ranoid frog 
families were also surveyed. The bones were analysed macroscopically as 
well as using scanning electron microscopy. Terminal phalanges were 
classified into 13 character states, called A to M, and into three major 
character state groups: (I) pointed tips, (II) rounded and relatively broad 
tips, {Ш) bifurcated tips. Eight character states were observed within 
ranoids, and six of these also occurred in non-ranoid taxa; five further states 
were found exclusively in the non-ranoid taxa. In order to assess homoplasy 
and possible adaptive significance for this osteological character, we com- 
piled, from recent molecular studies, a consensus tree of the ranoid genera 
studied here. Tracing the evolution of all character states along this 
phylogeny was largely ambiquous but became more feasible when summar- 
izing character states of distally enlarged (bifurcated or mushroom-shaped) 
vs. non-enlarged phalanges. Non-enlarged phalanges were supported as 
ancestral states in most clades, and an independent evolution towards 
distally enlarged phalanges was indicated in 12 clades, plus two reversals 
and two ambiguous transformations. Concentrated-changes tests support- 
ed a significant association of the evolution of distally enlarged phalanges 
with climbing habits, indicating an important adaptive component that 
likely explains the high degree of homoplasy in this skeletal character. 


INTRODUCTION 


At deep phylogenetic levels, amphibians show a bigh degree of morphological homo- 
Play (eg. Mcrtire et al, 2004. Vas DIR Minoes et al. 2005) Especially frogs are 
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characterized by a highly derived bauplan that possibly allows only a hnuted number of 
general variations in order to adapt to certain ecological niches (EMERSON, 1986) For 
instance, arboreal frogs in families that belong to different mayor clades can be extremely 
similar externally, characterized by a broad head with large eyes, enlarged terminal pads on 
fingers and toes, and often also other characters such as extended webbing between toes and 
sometimes fingers, a smooth dorsal skin without longitudinal folds, or the lack of a sharp 
border between dorsal and lateral colour Neotropical species of the Hylidae can be so similar 
to Asian species of the unrelated Rhacophoridae that a familial diagnosis ıs merely impossible 
without examuning ostcological features such as shoulder girdle structure or the form of the 
terminal phalanx bones of fingers and toes. Sand frogs (the genus Tomopterna m the family 
Ranidae) were long believed to contain African as well as Asian and one Madagascan species 
based on their external similarity, but molecular work (Bosstvr & MILINKOVITCH, 2000, 
VENCES & GLaw, 2001) demonstrated that the three geographic assemblages belong to 
different and not closely related clades, namely the African Tomoprerna to the Pyxicephahdac, 
the Asian spectes (as genus Sphuerotheca) to the Dicroglossidae, and the Madagascan species 
(as Laliostomu labrosum) to the Mantellidae. Among African frogs, recent molecular work 
(Улм DIR MENDIN et al., 2005: Frosr et al, 2006) highlighted an endemic clade, the 
Pyxicephalidae, that in addition to Tomopterna contains a variety of other anuran genera of 
such diversity that before they had been classified into five different subfamilies. 


Whereas general external morphology of frogs is certainly subjected to strong homo- 
plasy. osteological feautures are usually attributed important value for reconstructing anuran 
phylogeny In fact, several character states such asa firmisternal shoulder girdle are well suited. 
to define certain derived clades of frogs, for example the Ranoidea However, many of these 
states have evolved convergently ın other clades of the amphibian tree e.g, the firmisternal 
shoulder girdle in dendrobatids. atelopodine bufomds and pipids. Similar to external charac- 
ters, several features of shoulder girdle morphology are probably under selective pressure as 
they may be relevant for locomotion, such as the shape of the omosternum (forked or 
unforked), the ratio of omosternum/sternal style length. or the general arciferal or firmister- 
nal state (EMI RSON, 1983). The same may apply to most other ostcological features of 
anurans, but detailed analyses of functional morphology of these elements are surprisingly 
rare. 


A further example for homoplasy in frog osteology ıs found in the presence of an 
intercalary element between the terminal and the penulymate phalanx of fingers and toes, а 
character first described by LEYDIG (1876) m Fi la arborea T has been considered of great 
phylogenetic value to define Old World tree frogs (e g . Lir «t. 1970), but itis now clear that this 
element evolved convergently in at least the Hy perolidae, Arthroleptidae (genus Leptopelis), 
Rhacophoridae/Mantellidae. Microhylidae (genas. Phrynomantis). Centrolenidae and Hyl- 
dae, and possibly reversed in one mantellid clade (genus Leliostoma). 


Nevertheless, early studies of anuran systematics and phylogeny were largely based on 
osteological features (eg . Nosti, 1931: PARKER, 1934, Lat nis t, 1940, 1910a-5, 1943-5, 
1944) In гапо frogs, Lit s (1970) studied the phylogeny of Old World treefrogs based on 36 
characters. 14 of which were osteologtcal characters of the skull. vertebrae, pectoral girdle, 
hyoid skeleton, carpals, tarsals, metacarpals and terminal phalanges, CLARK (1981) exami- 
ned 22 osteological characters of the skull, pectoral girdle, vertebrae, ilium and the termunal 
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phalanges m African ranids; and Drewes (1984) studied 30 morphological characters of 
which 21 osteological characters of the skull, pectoral girdle, hyoid apparatus, carpals, tarsals 
and terminal phalanges. CHANNING (1989) combined and re-analy zed the data of Liew (1970) 
and Drewes (1984). More recently, Scorr (2005) studied 178 morphological characters, 101 
of which were osteological. Several other studies have focused on particular osteological 
characters and analyzed their variation in specific groups of ranoid frogs, or across frogs in 
general, including ranoids (e g., LAURENT & FABREZI, 1985, 1990; FABREZI & ALBLRCH, 1996, 
Faprezi & EMERSON, 2003; MANZANO et al., 2007). 


One of the characters used in all these studies is the shape of the terminal phalanx bones 
of fingers and toes (see also DECKERT, 1938; Trt, 1965; PERRET, 1966; Ly cH, 1971; Heyer, 
1975) However, the numbers and definitions of states described for this character were 
different, with Lirm (1970) and Drrwes (1984) recognizing four states, CLARKE (1981) 
recognizing seven states, and SCOTT (2005) recognizing three states эп the fingers and seven 
states in the toes. Variability ın the phalanx shape within individuals has been noted (HEYER, 
1975; CLARKE, 1981), an adaptive value of this character postulated (Drewes, 1984), and 
problems in a clear categorization in character states emphasized (CLARKE, 1981) FABREZI 
(1996) undertook a wide survey of these characters in various neobatrachian frog lineages and 
observed a high degree of homoplasy in these bones, both regarding shape and development 


In this paper, we undertake a wide survey of the morphology of terminal phalanx shape 
in frogs, mamly focusing on ranoid frogs. This group corresponds to the superfamily Ranor- 
dea as understood by Di Bois (1992, 2005). with a taxonomic content similar to the unranked 
taxon “Ranoides” created and defined by FRosr et al. (2006). 


Based on examination of cleared and stained specimens and scanning electron micro- 
scopic pictures, we provide detailed descriptions of the variation observed in this state. We 
further analyse the evolution of this character along an informal supertree of these frogs 
based on recent molecular studies, and use comparative methods to test for the influence of 
the general ecological habits on this skeletal character 


MATERIAL AND METHODS 


This study ts based on an analysis of 124 species of 64 genera, belonging to the following 
ranoid families as recognized by FRost et al (2006). Arthroleptidae Gneluding Arthrolepti- 
nae, Astylosternmae and Leptopelinae). Brevicipitidae. Ceratobatrach.dae, Dicroglossidae, 
Hemisotidae. Hyperolitduc. Mantellidae. Microhylidac, Petropedeudae. Phry nobatrachidae, 
Ptychadenidae, Pyxicephalidae, Ranidae and Rhacophoridae For comparative purposes, 
ао specimens of 26 species of 20 genera belonging 10 ten non-ranoid frog Families were 
surveyed. Altogether, we screened cleared and stained. skeletons of 190 талокі and 29 
non-ranoid specimens. The appendix provides a list of all specimens that were examined, with 
the collections where they are deposited 


The family-level classification used herem follows almost fully the recent proposal by 
Frost et al. (2006). This work certainly constitutes a great progress in anuran systematics, 
especially because an overdue partitioning of several large, heterogeneous and partly not 
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monophyletic families has been undertaken by these authors. On the other hand, several of 
the new arrangements, such as sinking the Leptopelinae and Astylosternidae in the family 
Arthroleptidae, or the Nasikabatrachidae into the Sooglossidae, may have been premature 
and recognition and revalidation of a few additional families will probably be a theme in 
future studies of anuran systematics, Howcver, since such proposals are far beyond the scope 
of the present paper, we here follow the family-level taxonomy proposed by Frost et al. 
(2006), with a few exceptions only (we recognize the Astylosternmae as a subfamily of the 
Arthroleptidae, and continue using the genus name Pfr) nodom, to make ıt easier to refer to 
these frogs in the text), and we continue accepting Laliostominae as a mantellid subfamily (see 
Оглу & VrNcts, 2006, GLAW et al., 2006). Species belonging to the following genera have 
been studied’ Afrixalus Laurent, 1944; Agalychnis Cope, 1864; Agh ptodactylus Boulenger, 
1919, Ameerega Bauer, 1986, Anodonthy la Müller, 1892, Arthroleptis Smith, 1849, Astyloster- 
nus Werner, 1898, Butracin lodes Boulenger, 1887: Віоттегма Dubois, 1992: Bombina Oken, 
1816, Bouphis Tschudi, 1838, Breviceps Merrem, 1820, Cacosternum Boulenger, 1887; Cal- 
luella Stohezka, 1872; Ceratobatrachus Boulenger, 1884; Chiromantis Peters, 1854; Colos- 
tethus Cope, 1866, Cophixalus Boettger, 1892, Cuphyla Boettger, 1880; Dendrobates Wagler, 
1830; Dermatonotus Méhely, 1904; Discoglossus Otth, 1837; Epipedobates Myers, 1987, 
Euphlyctis Fitzinger, 1843; Fejervarya Bolkay, 1915; Gastrophryne Fuzinger, 1843; Gephyro- 
mantis Methuen, 1920; Guibemantis Dubois, 1992: Heleophry ne Sclater, 1898, Hemisus Gün- 
ther, 1859; Heterixalus Laurent, 1944, Hoplobutrachus Peters, 1863; Hyalinobatrachium Ruiz- 
Carranza & Lynch. 1991; Hyla Laurenti, 1768; Hrlarana. Tschudi, 1838; Hymenochirus 
Boulenger, 1896; H) perolius Rapp, 1842, Kaloula Gray. 1831, Казына Girard, 1853, Kuri vals 
Ye, Fer & Dubois, 1999; Laliostoma. Glaw, Vences & Bohme, 1998, Leptodactylodon 
Andersson, 1903, Lepropelis Gunther, 1859, Linmodvnastes Fitzinger, 1843, Limnonectes 
Fitzinger, 1843; Lifiobates Futzinger, 1843: Mantella Boulenger, 1882; Mantidactylus Boulen- 
ger, 1895; Megophr)s Kuhl & Van Hasselt, 1822, Micrel la Tschudi, 1838, Nanorana Gün- 
ther, 1896, Nutalobatrachus Hewitt & Methuen, 1912: Occidozyga Kuhl & Van Hasselt, 1822, 
Odorrana Fei, Ye & Huang. 1990, Oophaga Bauer. (994, Petropedctes Reichenow, 1874, 
Phlyctimantis Laurent & Combaz, 1950, Phrynobatrachus Günther, 1862; Par nodon Parker, 
1935; Phrynomantis Peters. 1867, Pipa Laurenti, 1768: Platymantis Gunther, 1859, Polypeda- 
tes Tschudi, 1838, Pseudophrine Fitzinger, 1843, Ptychadena Boulenger, 1917. Quesipaa 
Dubois. 1992; Rana Linnaeus, 1758. Rhacophorus Kuhl & Van Hasselt, 1822, Rhimoderma 
Duméril & Bibron, 1841, Scaphtophrine Boulenger, 1882; Scorobkcps Boulenger, 1900: Selu- 
rana Gray, 1864: Sphaerotheca Gunther, 1859, Spmomantis Dubois, 1992, Srauron Cope, 
1865; Stiongylopus. Tschadi, 1838, Tachycnemis Fitzinger, 1843, Zomopteina. Dumenl & 
Bibron, 1841. Zi ichobatiachis Boulenger, 1900, Xenopus Wagler. 1827 


Clearing and staming was carried out according to standard protocols (DINGERKUS & 
Utt в, 1977) as modified by Pi osc 8 (1991). The third finger and the fourth toe are generally 
the longest digits, and terminal phalanx morphology ıs usually best expressed in these digits 
although terminal finger phalanx morphology does not necessarily correspond with that of 
the toes (Cr ARKT, 1981) Except for a few specimens where the hand bones were disconnected 
and a precise identification was not possible, the present study 15 focused on a comparison of 
the terminal phalanx ot the third digit of the hand This bone was drawn under a sterco 
microscope equipped with a camera lucida, mostly from the dorsal side The drawings were 
used to attain a preliminary categorisation of character states On this basis; we selected 
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representative specimens for each state for closer examination by scanning electron micros- 
copy (SEM). Further SEM analyses were carried out on specimens where the character states 
could not be reliably scored otherwise. 


The terminal and the penultimate phalanges of the third finger were removed from the 
cleared and stained specimens. Tissue remains were then dissolved in KOH, the bones 
prepared for SEM analysis usmg standard gold-coating procedures, and stud.ed using a 
JEOL 35C microscope. The species and specimens for which the terminal phalanx of the third 
finger (unless mentioned otherwise) has been SEM-pictured are indicated in the appendix and 
most SEM pictures are reproduced in fig. 1-8. In the following species, other terminal 
phalanges were SEM pictured, Fejervarya. cancrivora (also fourth toe), Gastrophryne cf. 
oltvacea (only fourth toe), Kassina decorata (also fourth toc), Phrynobatrachus mababiensis 
(fourth toe), Phrynobatrachus werneri (only fourth toe), Phrynodon cf sandersont (several 
terminal phalanges, also first and second finger), Pipa carvaiho: (third toe), Pseudophryne 
bibronii (bones disconnected, differentiation between fingers and toes impossible), Piycha- 
dena mascaremensts (also fourth toe, ZFMK 55157), Scapinoplrvne brevis (only fourth finger 
as the other fingers were missing), Strongylopus grayu (only first finger, as the other fingers 
were disconnected), Trichobatrachus robustus (two specimens, the biggest specimen had an 
extra hook on top of its phalanx which has been pictured as well) and Xenopus victorianus 
(also third toe and fifth finger) 


To test for a correlation among climbing habits and shape of termmal phalanges, we 
transformed these into binary characters (climbing vs. non-climbing, and distally bifarcated 
vs. non-bifurcated) and traced ancestral character states using both Acctian and Deltran 
models in MacClade {MADDISON & MADDISON, 1998). We used the concentrated-changes test 
of MADDISON (1990) to test the association of changes in these two binary characters (see 
Loren & Елшь, 1999) This test determines the probability that various numbers of gains and 
losses of the dependent variable (terminal phalanx morphology) would occur in certain 
distinguished areas of the clade selected (defined by climbing habits), given that a certain 
number of gains and losses occur in the whole clade, and given the null model that changes are 
randomly distributed among the branches of the clade. 


RESULTS 


Based on this study. we distinguish a total of 13 character states for the shape of the 
terminal phalanx of the third finger, named A to M and classified into three major character 
state groups’ (1) pointed ups, (H) rounded and relatively broad tips, (IID) bifurcated ups Ап 
additional state, the hook-shaped morphology. was only observed on the terminal phalanges 
of the toes and it ıs therefore not coded Considerable variatton was found within species of 
(ле same genus, cg in Scaphiophiane (S brevis, state Е. S calcata, state Р. and S 
marmorata, state H) In some cases, a limited amount of variation was also observed between 
individuals of the same species. Desciptions of character states given in the following refer 
largely to the dorsal view, with more complete descriptions from dillerent angles for those 
species for which SEM pictures were made For each character state we list the taxa that fit that. 
desertption, with all deviations from the typical state deseribed їп more detail. In species 
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where phalanx morphology of all or some toes was very different from that of the third finges, 
we give short descriptions also of the deviant toe phalanx morphology 


CHARACTER STATES 


State A 


From the basis, the terminal phalanx becomes less broad towards the (rounded) tip. 
which does not end in a bulb. Sometimes the tip 1s somewhat pentagonal or tetragonal. 
Observed іп: Afi ialus delicatus, A. fornasini, A. fulvovittatus and A sp. (fig. la), Fejervarya 
cancrivora (fig 1c1-d3) and F lumnnocharis; Heterixalus alboguttatus, H andrakata, H. betsi- 
leo, H luteostriatus, H madagascariensis, H punctatus, Н rutenbergi, H tricolor and H 
variabilis, Hyperolus argus. H marmoratus, H nasutus, H pusillus, Н semidiscus, H sp. and 
Н tuberilingurs, Leptodactylodon mertensi. Leptopelis bocagii. L cf mossambicus, L modes- 
tus, L. natalensis and L rufus; Megophr) s nusuta, Occidoryga luna, Phyllomedusa sauvagit 


The terminal phalanx of the Afrivalus species studied ends in a pentagonal tip. In both 
Fejervarya species the termmal phalanx of the toe ıs relatively long. The tip of the terminal toe 
phalanx 15 bent towards the ventral side, ending in a small bulb that cannot be recognized from 
the dorsal side A bulb at the terminal tip 1s also present at the fingers, seen from the dorsal 
side, Thus small bulb indicates that Feyersarja could also fit state F. Seen laterally, ihe dorsal 
side of the terminal phalanx ts straight, and the ventral side makes an S-curve from the basis 
towards the up (fig 1c1-d3). This S-curve is absent in other genera categorized in state A, 
although it ıs typically found in species with a hook-shaped morphology. Hyperolius and 
Heterivalus share the same terminal phalanx morphology In Leptodactylodon mertens, the 
terminal phalanges of toes and fingers are similar In Occ іо. yga lima, the up of the terminal 
phalanges is somewhat pentagonal as in Afrixalus. 


State В 


This form has only been observed in Pipa carvaffior The terminal phalanx up 1s rounded 
and not stretched laterally, although и has a protuberance sticking out on top. All fingers are 
of identical morphology The toes are similar to state E as described below: the terminal 
phalanx tip is not perfectly round but a little bumpy. 


Stute C 


This form bas only been observed in Xenupis victori (fig 16). The terminal phalanx tips 
of the fingers are split in three The terminal phalanges of the fourth and fifth toe have two tips 
without a distinet ridge in between, as if the terminal phalanx tip had been excavated The 
terminal phalanges of the first, second and third toe bend towards the ventral side and end m 
a sharp point, with a tendency towards a hook-shaped morphology 


State D 


The phalany up is a highly reduced form, found in Z modi nasies sp. only Smee no SEM 
picture was made, further comparisons are not possible. 
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Fig | Scanning electron m.crose f terminal phalanges of third f nger (unless otherwise 
mentioned. categorized m morphological states A A/F and С (а) Afr ral view. Stale 
A. (6122 Leptapchis natalensis. dorsal and lateral views, state A (c1-3) ертты catnicriord, 
dorsal, ventral and late tate A/F Fejervarva. cancrivora, fourth toe, dorsal 
lateroventral and lateral view state A/F (el) Xe ertt us, fourth loc dorsal view slate C 
(е2) Xenopus state C. The scale bars represent 100 um 

State E. 


es has no conspicuous shape It is rounded and slightly 


The up of the terminal phalan 
cone-shaped, lacking a clearly defined knob or bulb at the end 


ам OCHS 


The follow iw 
(he 22), Broveeps fiscus and В толлар 


species are categorized in 


sous galganor, Henius 
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2 electron microscope pictures of terminal ph: 
Еау Brera ens ita 
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marmoratus, Hoplobatrachus chinensis, Hyla arborea and H cinerea: Laltostoma labrosum 
(fig. 2c and 2d), Platymantis corrugatus (fig. 2g). Pseudophryne bibronir, Ptychadena cf. mas- 
caremensts, P. mascarentensis (fig 20), Р bibroni (fig. 2h): Scaphiophryne brevis (fig 2b) 


In Aglyptodactylus, the phalanx up has a very vague bump at the terminal tip. It is almost 
astraight line from basis to the tipof the terminal phalanx, only very slightly curved where the 
bulb/knob would start in state F Breviceps are only tentatively categorized in this state since 
they show the most reduced form of termmal phalanges of all the species examined. In 
Discoglossus galganor, the toe phalanges are longer than those of the fingers, but both have an 
equally rounded ир. In Hemisus marmoratus, the toes and fingers have the same shape of 
terminal phalanges. The two available specimens differ slightly in form. One has phalanx tips 
that are not shaped in any particular form, rounded and a bit cone-like, without knob form at 
the end. The tips of the terminal phalanges of the second specimen are also cone-hke, but with 
a highly reduced knob at the end, hence fitting better in state E than in state F In Lalrostoma, 
terminal phalanges are distally with a slight constriction, creating a slight bulb at the tip, 
which is not obvious enough to place the species m state F. In Platymantis corrugatus, from the 
basis of the terminal phalanx towards the tip, the phalanx becomes narrower. It is most 
narrow at the point where in state F a constriction would be present Except for P schulliko- 
rum, which 1s categorized within state F, all Prychadena species studied are categorized within 
state E, tending towards the morphology of state F. The terminal phalanges tips of the toes of 
Ptychadena bibron have a hook-shaped morphology. In one of the specimen of Ptychadena 
mascareniensis, the tip does not end in a sharp hook but more pointed 


State F 


The distal end of the terminal phalanges is cone-l.ke. generally relatively broad, with a 
“knob” of various sizes at the end, in some cases with a constriction separating the knob from 
the remaming phalanx. The following species are categorized in this state: Astylosternus 
montanus, Bombina sp., Cacosternum boettgeri (fig. 3c), Calluella guttulata, Ceratohatrachus 
guentheri (fig 36), Dermatonotus muelleri, Euphlyctis ehrenbergu, Fejervarya lmnocharts and 
Е cancrwora, Limnonectes КиМ; Lithobates catesberanuv, Microlila. pulchra, Nanorana 
plesker, Ocetdozyga martens, Ptychadena schillukorum, Quasipaa spinosa; Scaphiophryne 
calcarata (fig, За), Scotobleps gahomeus: Sphaerotheca breviceps, Tomopterna delalandir and T 
natalensis; Trichobatrachus robustus. 


In Aszylostermes, the terminal phalanx of the third finger 1s not as broad as in most other 
genera placed within state F and endsin a relatively small knob. The terminal phalanges of the 
second, third, fourth and fifth toes have а hook-shaped morphology In Волте, the basis of 
the terminal phalanx is relatively broad. with a knob as broad as half the size of the basis. In 
Cacosternum, the phalanx is relatively narrow and elongated. with a knob at the distalend In 
Ceratohandc hus, the phalanx is relatively broad at the basis, getting narrower towards the tip. 
and the up ends in a small but distinct knob separated by a constriction that i5 about 1/3 as 
broad as the basis of the terminal phalana. In Derniutonotas, the terminal phalanges are bent 
towards the ventral side. In. Бирле. the phalanx up ends in a knob and the terminal 
phalanges of the toes are more elongated than the termmal phalanges of the fingers. In 
Limnonec tes and Fefertarya. the phalanx bip ends tn a knob separated by a constriction [n the. 
two Juvenile specimens of Lihobutes catesbeianus, the phalanx is not broad. bul relatively 
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Fig З Scanning electron mierose 
morphological state Е (al-3) St 
Ceratohatrachus guentheri, хеп 
The scale bars ent 100 um 


pe pictures of ter 


unal phalanges of third finger, alî categorized ın 
teral and ventral views, (b) 
view, (e1-2) Cacosternum boctigert, dorsal and lateral views. 


hrine calcarata, dors. 


long, ending in a bulb. In Micro/ryla, the knob expands slightly in lateral direction, making 
this a vaguely mushroom-shaped form tending towards character state M, In Nanorana, the 
phalanx ıs relatively long and narrow, ending in a knob separated by a constriction In 
Оссучо: 
tion. Prichadena sclillukoi wn is an excepuon among the species of PrycAadena, which are 


gu martensn, the terminal phalanges distally end in a knob separated by а constric- 


otherwise categorized within state E The exammed specimen of Scaphiophrine calearata has 
an anomaly on its lateral side on the distal end bulb. In Scorobleps. the terminal phalanges of 


the fingers are relatively long. not broad. à 


d end in a small bulb. There are very slight lateral 
expansions, but these are too indistinct to be considered as representing a reduced form of 
state H The terminal phalanges of the second and third toe have а hook-shaped morphology 
The distal end of the first, fourth and fitth toe ıs rounded. but with lateral expansions. 


resulting in a mushroom-shaped form In the species of Sphuerot ca and the two spectes of 
Tomopterna.in dorsal view, the terminal phalanx iy broad at the basis. It has a clear bulb at the 
top, about half as broad as the basis. The р 
distinct constriction is lacking In Ti ichobatrachuns, the terminal phalanges of the fingers are 
cone-like and have a knob at the end. The terminal phalanges of the toes have a hook shape 
In both specimens available, the hook-shaped morphology is present at all toes, however the 
biggest specimen has an extra, smaller hook on top of the hook shaped toes. Alter dissolving 
the tissue with KOH, the extra. smaller hook appeared to be unconnected to the terminal 
phalanx (fig. 8a-b) 


anx ıs narrowest just before the knob, but a 


State С 


The terminat phalanx ıs Y-shaped. Sometimes the two laterotetminal projections are 
slightly curved towards cach other The tollowing species are categorized in this stale. 
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ger, all categorized m 
Mu montana, dorsal anteroventral and lateral views, (b1 3) 
Plirynomantts bifavctuttts, dorsal and two ventral views (this species з» categorized m state С 
tending towards state J). (el. 3) Rhiu ophorus dem su ventral, dorsal and lateral views (both tips 
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State Н 


The terminal phalanges are T-shaped; at the distal end these form more or less a straight 
line. This state is similar to state G, only the two lateroterminal projections stretch away from 
each other in a more lateral direction. The following species are categorized m this state 
Batrachylodes elegans and B. vertebralis; Colostethus nubicola, Coplixalus darlingtoni and С 
riparius, Dendrobates auratus, D. leucomelas and D. tinctorius, Oophaga pumilio; Epipedobates 
boulengeri, Ameerega silverstonei, Phrynobatrachus cf. versicolor, P. cf. werneri and Р crico- 
gaster, Kaloula pulchra; Kassina decorata, Natalobatrachus bonebergi (бв. Sa), Petropedetes sp. 
(fig Sb); Phrynodon cf. sanderson: (fig. Sc-e); Scaphiophr) ne marmorata; Staurois sp. Arthro- 
leptis [Schoutedenella] sp. 


In Colostethus, the projections (distance between their tips) are as extended as the length 
of the whole terminal phalanx In Epipedobates and Ameerega, the projections are a little 
more extended than the whole length of the terminal phalanx. In the three species of 
Phrynobatrachus included here, the projections are less extended, but still more than in state 
M. Kaloula has a morphology different from others that are placed within this state, the two 
projections are not stretching away from each other but the phalanges are distally fan-shaped 
and ending in a straight hne Also Kas sıra has a different morphology, as the two projections 
are much broader than in the other taxa placed within this state Phrynodon cf. sandersont 
sometimes has up to two distal protuberances on the phalanx tip. The place of occurrence 
varies from centrally to just left or right of the centre. This seems to vary not only randomly 
between the specimens, but also between fingers and toes, between left and right hand or foot, 
and even between digits of a hand or foot. In Scaphrophryne marmorata, the phalanges are 
T-shaped, the distal end forms a more or less straight line The two projections stretch away m 
lateral direction In Art/roleptts [Schoutedenella] sp., the terminal phalanges have a slightly 
reduced T-shape. The distal end forms more or less a straight hine. The projections are Jess 
elongated than in other species in state Н. 


State 1 


The terminal phalanges are shghtly Y-shaped, The two lateroterminal projections are not 
as prolonged as in state G but rather short and more closely connected with each other. This 
state 15 found in all examined species of the genera. Boop/us (hg 6b), Geplnromuimtis, 
Guibemantiy, Матеа and Mantidacty lus (fig. 6a) which all belong in the Madagascan family 
Mantellidae; and in the rhacophorid Kurixalus verrucosus. 


In Boophis Роећтет. В. cf madagascaiicists, B sp all sibilans, В (dae, В mimiatus and B 
tephracomvstay (fig 6b), on the ventral side a "bump" can be seen. with an incision in the 
center This bump is present in many other spectes as well, but without meison. In берй ro- 
mantis webbi, Giabemantis bicalcaratus, G flavobi unneus, Mantella aurantiaca, M crocea, M 
madagascartensts, Mantidactylus athofrenane, M grandidieri and М ihcerosis, the two 
projecuons are shghtly curved to the lateral sides (fig ба) In. Алай verntucosis, the 
morphology is simular to that of Boophis tephraeomystax (fig. 6b) 
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State J 


This state is expressed in a Y-form and can be described as a fishtail-shape. It is similar to 
state G, but with the two lateroterminal projections being enlarged. It has only been observed 
in Chiromantis xerampelina (fig. 6с) and Hylarana ( Amnirana) cf albolabris. 


State K. 


This state 1s reminiscent of a combination of states G and H, but with the terminal 
phalanges being strongly elongated and becoming very narrow towards the tip. It has only 
been observed in Hyalinobatrachium fleischmanni (fig. 6d) 


State L 


The terminal phalanx is very narrow and relatively long, ending in a pointed tip. The 
distal end is slightly curved towards the ventral side. 


This form has been observed in the following species. Agalychnis callidryas (fig 6f), 
Hymenoclurus boettgert (fig. бе) and Silurana tropicalis. In this latter species, the terminal 
phalanx of the first, second and third toe have a hook-shaped morphology. The terminal 
phalanx tips of the fourth and fifth toe are rounded and shghtly cone-shaped The terminal 
phalanx tips of the fingers are also sharply pointed, but not bent towards the ventral side. 


State M. 


The phalanges show rudiments of bifurcation distally This state does not describe a 
well-defined single morphology but is rather somewhat of a "dumpbin" for species of 
intermediate states or where different morphologies are observed among digits. The observed 
morphologies are. (1) the distal end of the terminal phalanx cone-shaped with a knob at the 
distal end that bifurcates and has a distinct median notch, (2) the distal end rounded but with 
lateral expansions, resulting in a mushroom-shaped appearance; (3) a reduced T form 


The following species are categorized in this state, Arthroleptis adelphus, A. adolfifriede- 
те, A poecilonotus, A sp and А suriabilis, Hylarana (Amnirana, lepus, Discoglossus 
montalentit; Discoglossus sardus, Gastrophiyne cf olivacea; Hylarana ( Hydrophy lax, gala- 
mensis, Hylarana r Hylarana) macrodactyla, Odorrana livida, Phiyctimantis verrucosus, 
Phrynobatrachus mababiensis, P natalensis and P. wernerr; Rana dalmatina and R temporaria: 
Rhinoderma daruinu; Hylarana ı Sylvirana; mgrovittata, Strongylopus gravi, Tachyenemus 
seychellensis. 


Due to the large variability in the detailed expression of this state, we here provide brief 
deseriptions for all taxa exhibiting it. In Arthrolepus adelphus, A adolfifriederici, A россно- 
notus, A sp and А Ętariahilis, the terminal phalanges shape varies. Distal ends can be 
bifurcated and have a distinct median notch, or have a mushroom-shaped morphology. In 
Hh larana Amnirana, lepus. bilurcates in lateral direction, mushroom-shaped. In Discoglos- 
sus montalenti, a strongly reduced T-shape is present both in fingers and toes. In Drscoglossus 
sardus, the distal end of the terminal phalanx 1s cone-shaped with a knob at the distal end that 
bifurcates. There ıs no median notch, but the knob is not rounded either. The distal end 
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slightly looks cubical In Gastrophryne cf. olivacea, two morphologies may occur on the same 
hand or foot without obvious order The distal end of the terminal phalanx can be' (1) 
cone-shaped with a distinct median notch; or (2) rounded (fig 7c). In Hylarana ( Hydrophy- 
lax, galamensis, the terminal phalanx bends slightly towards the ventral side, ending in a bulb 
with two pointy tips, bifurcating in lateral direction From a anteroventral angle, the curve in 
the phalanx ttps causes an incomplete view and shows a mushroom-shaped form, with a 
lowering between the two bifurcating tips (fig. 7g). In Hylarana t Hylarana) macrodactyla 
(two specimens), there is a highly reduced form of state H, bifurcating in lateral direction, 
without median notch In Odorrana Ivida (two specimens), the terminal phalanx tips bifur- 
cate in lateral direction, One of the two specimens has a mushroom-shaped bulb towards the 
ventral side (fig. 7a), whereas the other specimen extends a bit more laterally and tends to look 
more like the reduced form of state Н In Phlycumantis verrucosus, two morphologies are 
observed: (1) the distal end of the terminal phalanx can be cone-shaped, bifurcating with a 
distinct median notch; or (2) the distal ends can be rounded, not shaped 1n any particular 
form. In Phrynobatrachus mababiensis (fig. 7e), P natalensis (fig 7d) and Р werner: (fig. 7f), 
the phalanges are relatively narrow and elongated and with various terminal tip morpholo- 
gies From the lateral side, the phalanx of P mababiensis 15 straight with only the terminal tip 
bowing towards the ventral side The broadened tp is divided into three parts on the anterior 
side, the central part of which 1s the shortest. The distal end of the termina! phalanx of Р 
natalensis ıs cone-shaped with a knob at the distal end that bifurcates and has a distinct 
median notch. The phalanx of P werner: is slightly T-shaped tending to state H, as the two 
short projections extend in lateral direction and bend shghtly in anterior direction, The top 
makes a straight line. The projections do not extend as far as in state Н. Other species within 
the genus Phrynobatrachus (Р auritus, P cf versicolor, P. cf. werneri and P. cricogaster) are 
placed in states G, H-M, H-M and Н respectively In Runa dalmanna, the phalanx up ıs 
mushroom-shaped. In Rana temporarta, the phalanx ends in a round mushroom-shaped bulb, 
which does not extend as much as other mushroom-shaped morphologies, tending towards 
state F. In R/unoderma durwimu, the distal ends of both fingers and toes are rounded, but with 
lateral expansions, resulting in a mushroom-shaped form In Hylarana ( Sylvirana, nigroviu- 
tata, the distal end 1s ın a straight line and bifarcates ın lateral direction A highly reduced 
form of state Н is observed in Strong lopus grayu. the distal ends are rounded with lateral 
expansions, res ultıng in a mushroom-shaped form (fig 7b) In Tachyenemis seychellensis as m 
Phlycumantis, two morphologies are observed (1) the distal end of the terminal phalanx 15 
cone-shaped, bifurcates and has a distinct median notch; and (2) the distal end is rounded, not 
shaped in any particular form. 


MAJOR MORPHOLOGICAL GROUPS 


Most of the different states defined above can be summarized in three major morpholog- 
ха] groups. defined below States B and С could not be placed in any of these groups, because 
their morphology 1s 100 aberrant States D and M do not clearly fit in any of the groups either, 
and are possibly reduced forms of one of the other states. 
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Morphological gi 

Pointed terminal phalanx ups, states A and L. Afrnvalus, Agalychnis, Fejervarya (also 
state F), Heterrxalus. Hymenoclirus, Hyperolius. Leptodacty lodon, Leptopelis, Megopli) s, 
Occidozyga (also state F), Phyllomedusa and Suurana 


Morphological group Ш 


Rounded and relatively broad terminal phalanx tips, states E and F Agh ptadact his, 
Astylosternus, Bombina, Breviceps. Cacoster num. Calluella, Ceratohatrachus, Dermatonotus, 
Discoglossus,. Euphivens, Fejervarva (also. state А), Henisus, Hoplobatrachus, Hila, 
Nanorana, Occulo- vga (also state A), Pha- 
aphiophryne brevis and S, calcarata, Soo- 


Laliostoma, Limnonectes, Lithobates, Microhy 
mantis, Pseudophryne, Pty chadena, Quasip 
tobleps, Sphaerotheca, Tomopterna and Trichobatrachus. 
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Fig 9 Character states of terminal phalanx shape as distinguished in the present work Ail drawings 
represent the third finger. except for the left drawing of character state C, which represents the 
fourth toe The character state М includes phalanges with rudiments of distal bifurcation, and 
comprises different morphologies Here, two examples are gnen of this character state. The 
morphologies can differ dependent on 1ле observer s angle of observation This i especially true 
for thedrawing of character state A What seems to bea shghtly ported head. is in facta small bulb 
curving towards the ventral side (ig. la) The distal end of this bulb is rather flat than pointed. The 


scale bars represent 100 um 
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Morphological group HI 


Bifurcated terminal phalanx tips, states G, Н. I, J and K: Ameerega, Anodonthyla, 
Batrachylodes, Blommersia, Boophis, Chiromantis, Colostethus, Cophixalus, Cophy la, Dendro- 
bates, Epipedobates, Gephyromantis, Guibemantis, Heleophryne, Hyalınobatrachium, Hyla- 
rana [subgenus Ammrana], (Kaloula), (Kassina), Mantella, Mantidactylus, Natalobatrachus, 
Oophaga, Petropedetes, Phrynobatrachus (some specimens in state M), Phrynodon, Phryno- 
mantis, Polypedates, Rhacophorus, Scapliophryne marmorata, Arthroleptis [Schoutedenella], 
Spinomaniis and Staurois. 


CONSENSUS PHYLOGENY, CHARACTER TRACING AND CHARACTER CORRELATION 


The systematics of ranoid frogs are still ın a flux, but recent molecular work has clarified 
much of their basal phylogeny We summarized molecular trees based on multi-gene analyses 
as published by Buu & Bossuvr (2003), ROFLANTS et al. (2004), Новсс et al. (2004), VAN DER 
MEUDEN et al (2004, 2005) and VENcES et al (2003). We produced an informal supertree by 
manually superimposing these trees with molecular trees of deep amphibian relationships 
(SAN Mauro et al , 2005; RoELANTS & BossuyT, 2005), and considered nodes that received 
high support (Bayesian posterior probabilities > 95 % or bootstrap support values > 70 %) in 
at least one of the analyses and were not contradicted by highly supported alternative 
topologies in other analyses. A few additional aspects of the topologies were resolved 
following the analysis of Frost et al. (2006), although these authors did not provide bootstrap 
values which would have given a directly comparable measure of support to other analyses. 
Because of the limitations їл including phalanx shape assessments published by other 
authors, we only included in the tree those genera for which terminal phalanx data were 
gathered in the present study. The resulting consensus tree is shown in fig 10-11 Tracing 
character state transformations based on our original character states on this tree (not shown) 
required a minimum of 52 transformations and resulted in a consistency index (ci) of 0 38 and 
a retention index (ri) of 0 36. Tracing the three major groups of character states (not shown) 
required a minimum of 19 transformations and yielded values of сїтї values of 0 11 and 0.48. 


Reconstruction of ancestral states was ambiguous on these trees in most cases. In order 
1o test for a possible correlation between habits and distal enlargement of the terminal 
phalanx, we divided the observed states ın two major groups, namely (1) those without a 
distinct distal enlargement as in morphological groups I and H above (plus states D and М), 
and (2) those with a distinct Y shaped, mushroom-shaped or T-shaped distal enlargement, as 
m morphological group Ш above This character resulted in cri values of 0 06 and 0 46, and 
a tree length of 16 transformations. Character trac.ng supported distally non-enlarged 
phalanges as the ancestral state ın most major clades and supported an independent origin of 
distally enlarged phalanges in 12 clades (fig 10) In at least two cases a reversal was indicated, 
and two further transformations could not be unambiguously identified as either origin or 
reversal 


We further grouped the genera studied grossly by their habits in non-climbing species 
(terrestrial, semi aquatic and aquatic species) and climbing species (including arboreal, semi 
arboreal and rock-dwelling taxa) This character resulted in cı/rı values of 0.05 and 0 40, and 
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a tree length of 19 transformations, Non-climbing habits were identified as ancestral and 11 
1ndependent origins of climbing habits were identified (fig 11). Two reversals to non-climbing 
behaviour and five transformations of uncertain direction were further identified. Of the 11 
origins of chimbing, six coincided precisely with the origin of distally dilated phalanges. In 
several cases, this correlation seems obvious: (1) Agiyptodactylus and Lahostoma, clearly 
embedded ın the Mantellidae/Rhacophoridae clade, are the most terrestrial mantellids and 
the only representatives in this family without distally enlarged terminal phalanges; (2) the 
most clearly rock-dwelling or scansorial ranoids, such as Staurois, Natalobatrachus, Phryno- 
don and Petropedetes, all have distally enlarged phalanges, (3) m Scaphiophryne, the one 
included species with enlarged finger disks and at least occasional climbing behaviour, S. 
marmorata, has distinct T-shaped phalanges, whereas the purely terrestrial species do not 
show any enlargement, Nevertheless, several striking counter examples exist as well, indica- 
ting that this correlation is certainly not an obligatory one: (1) the fully arboreal hyhds show 
no distal enlargement, and (2) the same ıs true for the arboreal hyperolııds and leptopelines 
(paradoxically, except for the largely terrestrial Kassina). 

For the concentrated changes test of character correlation as implemented in MacClade 
(using 10,000 simulations), it is necessary to trace ancestral states of dependent as well as 
independent variable as precisely as possible. In order to allow for unambiguous reconstruc- 
tions, we therefore resolved the polytomies in our phylogeny as follows: (1) among microhy- 
hds, positioning Phrynomantis as most basal and gastrophrynines sister to microhylines; (2) 
among mantellines, placing boophines as most basal. It is highly unlikely that any alternative 
resolution of these poly tomies would have affected the outcome of the concentrated changes 
test in a relevant way. Using Бейтап character tracing, and under the null hypothesis that 
gains and losses are randomly distributed, the probability of observing, out of 13 gains and 4 
losses, of the character state “bifurcated”, the observed 7 and 0 (defined as more than 6 and 
less than 1), respectively, on branches distinguished by the character state "climbing", was 
lower than 0.005. Under Acctran reconstruction of ancestral states, 11 gains and 6 losses of 
bifurcated terminal phalanges were observed, 7 and | of which occurred in subclades 
characterized by a climbing character state (P < 0 005). Under MINSTATE and MAX- 
STATE simulations, the significances decreased, but the null hypothesis of randomly distri- 
buted changes (no correlation) was still significantly rejected (P < 0.05) in all cases. 


Discussion 


COMPARISON WITH PREVIOUS STUDIES 


In ranoid frogs, four authors (Liem. 1970; Ct ARKE. 1981, Drewes, 1984, SCOTT, 2005) 
have analysed the shape of terminal phalanges in detail and defined character states to be 
analysed in a phylogenetic context. 

Сим (1970), in a study of Old World treefrogs (currently in the Hyperoliidae. Rhaco 
phoridae and Mantelhdae). recognized four states of the termmal phalanx (tab 1). three of 
which compare directly to states E/F. G and I here. Litres (1970) state 1 compares to a 
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рг 10 — Phylogenetic tree of the taxa studied. based on informal merging of recent molecular 
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Phylogenetic trec of taxa studied, based on informal merging of recent molecular phylogenies, 


with character tracmg of chmbmg (black) vs non-clmbing (уйше) habis Hatched branches 
indicate ambiguous reconstruction Note that st is very d.fficult to clearly define these character 
states. The ass.gnations used here are meant to refer only to the species studied by us, and in some 
teses certainly are controvers.al this reters for mstance to the definition of Hetenphrine as (rock } 
«hmbmg. and of the studied species of 7/1 игини as non-climbmg although they can regularly be 
found in the vegetation. Assigning alternative character states to these taxa. however would not 


have resulted in relevant changes of the results of the analysis. 
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Table |. Character states of terminal phalanx shape as used by Ілғм (1970) (first column) and 
their equivalents as defined here (last column). 


State State description. Compares to 
0 |Obtuse terminal phalanx, the distal end 1s simple or a rounded knob States E and F 
1 |Claw-shaped terminal phalanx; pointed and curved downwards Hook-shaped 
toe morphology 

2 |Brfurcate terminal phalanx; the distal end ıs slightly brfurcate but not State I 
pointed, and the length of each branch is less than the width of the phalanx 

3 |Y-shaped terminal phalanx: the distal ends are pointed and the length of State G 
each branch is longer that the width of the phalanx 


hook-shaped morphology found in the toes of Trichobatrachus robustus, Ptychadena bibroni, 
Astylosternus montanus, Scotobleps gabomcus and Silurana tropicalis лем? (1970) general 
observation of taxa currently in the Rhacophoridae and Mantellidae having Y-shaped or 
bifurcated phalanges corresponds welt with the results obtained here. 


CLARKE (1981) examined African species today classified in the Ranidae, Dicroglossidae, 
Ptychadenidae and Pyxicephalidae (FROST et al., 2006) and recognized seven different states 
of termmal phalanx shape CLarke’s (1981) states 1, 2 and 5 are reduced forms and were 
subsumed as state M in our study (tab. 2); state 0 compares to our state F and was found in 
species of Ranidae, in agreement with our observations of state M in Hylarana ( Hylarana, 
macrodact) la, state 1 ıs comparable to our state M and was found in Hylurana ( Hydrophylax , 
galamensis and Strong) lopus, state 2 ts also comparable with our state М and was found in 
Aubria, some species of Comaua, Hoplobatrachus occipitalis and Py vicephalus. We did not 
study any of these taxa, and the precise form of tus state accordmg to Cr ARKE'S (1981) 
drawings was not observed by us in any other specimen, state 3, seen by CLARKE (1981) as 
extreme expression of state 2, was only observed in Conraua beccaru which we did not study 
here; state 4 15 described as reduced and almost cone-like, and appears to best compare to our 
state E, it was found by CLARKE (1981) in Tomopterna, Hildebrandta and Pyvicephalus, 
whereas we categorized Tomopterna in state F CLARKI (1981) used a juvenile specimen of 
Py xicephalus adspersus with incomplete ossification of the skeleton, which lead to doubt m 
showing state 2 or 4, state 5, comparable to state M tn our study, was found in Lanzarana 
largeni (not studied here), state 6 (comparable to our states А and L) was found in Pryciudena 
only, but according to our results, species of Prichadena are characterized by a tendency 
towards a small terminal bulb and are therefore categonzed ın state E Only Ptrcfiudena 
flowert was not categorized in state E, but in state F. The pointed. dorsoventrally curved distal 
end in this species compares to a reduced form of a hook shaped morphology. observed in this 
study in the phalanges of the toes of P. bibroni. 


DRrwt5(1984) analysed the terminal phalanges of the third finger, mainly in hyperoluds 
and leptopelines, but for comparative purposes also in other ranoids. He distinguished four 
stales (tab. 3). State 0, from the drawings and descriptions provided, ıs comparable to the 
hook-shaped morphology. which in this study has only been observed in toes. State | 
compares to morphological group 11, consisting of states E and F The shghtly notched 
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Table2. Character states of terminal phalanx shape as used by CLARKE (1981) (first column) and 
their equivalents as defined here (fast column) 


State State description. Compares to 
0 |Distal ends of terminal phalanges of fingers and toes simple, rounded, State F 
knob-like 
1 [Distal ends of terminal phalanges of fingers and toes brfurcate (have а State M 
distinct median notch, state 2 of LIEM, 1970) 
2 | Distal ends of terminal phalanges of fingers and toes rounded, but with State M 


lateral expansions, making the outline of the distal phalanx “mushroom- 
shaped” 1n appearance (no median notch) 
3 | Distal ends of terminal phalanges of fingers simple, knob-like or as state 2, | Reduced form 


toes slightly T-shaped; the anterior distal border of the phalanx of state Н 

perpendicular to the axis (no median notch) 

Terminal phalanges of fingers and toes reduced, almost cone-like State E 
5 | Fingers with expanded distal ends to terminal phalanges, phalanx State M 


appearing almost “dumbbell-shaped” (especially on third and fourth 
fingers); toes simular to state 4 
6 | Dıstal ends of terminal phalanges of fingers and tocs fairly pointed, carved | States A and L 


dorsoventrally 


Table 3. Character states of terminal phalanx shape as used by DRE WLS (1984) (first column) and 
their equivalents as defined here (last column) 


State State description Compares to 


0 |Termmal phalanx long, slender, and claw-snaped: Hook-shaped toe morphology 
curved ventrally and tapered evenly to a point. 
1 | Terminal phalanx long, slender and pemform; a Morphological group II (states E and F) 
noticeable constriction present near tip; tip oval, 
but not pointed; phalanx may be slightly curved 
Termunal phalanx short, obtuse, and unmod.fied or | State М and morphological group I 
with the tip slightly notched or emarginate {slates A and L), state M comprises 
different forms where the slightly 
notched morphology belongs; 
morphological group 1 can account for 
the unmodified tip 
3 | Tip bifurcate, each branch longer than width of Morphological group Ш (state Н) 
phalanx just proximal to bifurcation 


n 
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morphology of state 2 compares to state M, whereas the unmodified tips fit state A and L 
(morphological group I) State 3 compares to morphological group III, more specifically to 
state Н. Of the species categorized in state 0 by Drewes (1984), we studied Heterixalus 
madagascariensis, Hyperohus argus, Leptopelis bocagù and L. modestus. All were categorized. 
in our state A, as well as other species studied within these genera. Of the species categorized 
in state 1 by Drewes (1984), we studied the following species: Afrixalus fornas, A. 
fulvovittatus, Hyperolius nasutus, H pusillus, Н tuberilmguis and Tachycnemis seychellensis. 
Except for Tachycnemis seychellensis, which was categorized in our state M, all were categor- 
ized in our state A. Of the species categorized in state 2 by Drewes (1984), we studied Kassina 
decorata, which was placed ın our state H, and Phiyetimantis verrucosus, which was placed in 
our state M. We did not study any of the species categorized in state 3 by Drewes (1984), We 
assume that the contradictions between the assignation of species to morphological states, 
between Drewes (1984) and our analysis, does not indicate true polymorphisms but are rather 
due to differences in interpretation. 


Scorr (2005) examined a large number of ranoid species osteologically and composed а 
data matrix of morphological and molecular characters for phylogenetic analysis. She distin- 
guished between the terminal phalanx shape of the fourth finger and the fourth toe, defining 
three states within the finger morphology (tab. 4) and seven states within the toes (lab. 5) Here 
a comparison will be made for finger phalanx morphology. 


State 0 of Scorr (2005) is bifurcate, T- or Y-shaped, and compares to our morphological 
group Ш, which consists of states G, H, I, J and K. Of the taxa categorized in Scort's (2005) 
state 0, the following species were also analysed in the present study. Naralobatrachus 
bonebergi, Batrachylodes vertebralis, Phrynobatrachus cricogaster, Phrynodon cf sandersoni, 
Petropedetes sp. [Р cameronensis, Р natator, Р newtoni and Р. parkeri studied by Scott 
(2005)] and Staurois sp. [5 natator studied by Scorr (2005)]. all categorized in our state H, 
Hylarana : Amnirana; cf. albolabris and Chiromanus xerampelina, placed in our state J; 
Phrynomantis bifasciutus, placed in state G, tending to state J, Phry nohatrachus natalensis and 
Hylarana ( Hydrophylay) galumensis, placed ın our state M; Матейа aurantiaca, placed in 
our state 1 


State 1 of Ѕсотт (2005) is knob-like and simple, and compares to our morphological 
group II, which consists of states E and F, Of the species categorized in Scott's (2005) state 
1, the following species were also analysed in the present study Afrivodus fornasan, Hyperolius 
marmoratus and Leptopehis cf. mossambicus, placed in our state А: Hemrsis marmoratus, 
Bresweps mossambuus and Platymantis corrugatus, placed in our state Е; Cucasternum 
bocttgeri, Trichobatrachus robustus and Scotobleps gabomcus, placed in our state F, although 
the latter two species showed а hook-morphology of toe phalanges; Arthroleptis variabilis, 
placed in our state M. 


State 2 of Scort (2005) is sharply pointed and slightly elongated The elongation 
compares to our state L. whereas the sharply pointed morphology matches the hook-shaped 
morphology found in the terminal phalanges of the toes (but not the fingers) of Trichobatra- 
chus robustus, Ptychadena bibront, Astylosternus montanus, Scotobleps gabonicus and Silurana 
troprealts Of the species categorized ın state 2 of the finger morphology by Scott (2005), we 
studied Prychadena mascanienensis, which we placed in state Е. and Strong lopus gra it which 
we placed in state M. 
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Table 4 Character states of terminal phalanx shape of digit IV of hand as used by SCOTT (2005) 
(first column) and their equivalents as defined here (last column). 


State State description Compares to 
0 |Bifurcate, T- or Y shaped States G, H, I, J and K (morphological group Ш) 
1 |Knob-like, simple States E and F (morphological group II) 
2 |Sharply pointed, slightly elongated Elongated state L; sharply pointed: 
hook-shaped morphology 


Table 5 Character states of terminal phalanx shape of digit ТУ of foot as used by SCOrT (2005) 
(first column) and their equivalents as defined here (but largely refermg to fingers: fast 
column). 


Compares to 


State description 
0 [Large T-shaped | 
Small T- or Y-shaped | 
Simple or only slightly dilated | State M 
| 


State H 
States G, H and (1) 


! 

2 

3 |Long, sharply pomted State N 

4 |Y-shaped, arms bearing flattened ovate flanges | State J 

5 | Pointed, truncated (short) to triangular, tip may | States E and F 
be a small globule 

6 | Long. sharply pomted, as in state 3, but tip | The extra hook separated from the rest of 
separated from the body of terminat phalanx | the phalanx, similar to the observation 


and bent sharply downwards (may or may not reported here ın one specimen of 
perforate the integument in life) | Trichobatrachus robustus 


Scott (2005) referred to Phrjnodon having T-shaped tips (according to BLowMrRs- 
SCHLÖSSER, 1993), whereas she observed only Y-shaped tips herself The SEM pictures in our 
study (fig. 5c-e) show a morphology in-between the two forms, with protuberances on top of 
the tips. 


One further aspect that requires discussion 15 the identification reliability of the speci- 
mens studied. Many species of ranoids, especially small-sized African and Asian species, are 
notoriously difficult to identify to species, sometimes even to genus. We are confident in our 
identification of mantellid, brevicipiud, microhyhd and pyxicephahd species, but this is much 
less true for various phrynobatrachid, ptychademd, arthroleptid or rhacophorid taxa, several 
of which were obtained from the pet trade without verified locality data. Genus attribution of 
all specimens studied herein 1s reliable, and possible misidentifications will not affect our 
major conclusions. However, when comparing detailed data for single species among studies, 
this potential source of error, in our study as well as tn published works, needs 10 be 
considered 
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HOMOPLASY AND ECOLOGICAL CORRELATES OF PHALANX MORPHOLOGY 


Several authors have reported dıfferences between phalanges of fingers and toes, and also 
among fingers or toes. Drewes (1984) found little variation ın this respect in the species 
examined, but restricted his analysis to the third finger based on the work of Heyer (1975) in 
hyloid frogs at the time considered to be in the family Leptodactylidae (now partitioned; 
Frost et al., 2006) Hever (1975) found variation of terminal phalanx shape from digit to 
digit CLARKE (1981) has also noted that the phalanx morphology on toes and fingers does not 
necessarily correspond to each other. Any one of the states he distinguished varies in degree 
on the different digits of a hmb. He noted that in general a given state is best expressed on the 
third and fourth fingers on the hand, and the third, fourth and fifth tocs on the foot Our 
observations confirm that the general phalanx morphology of a species is best expressed in the 
longest digits available, which usually are the third finger and the fourth toe. 


Altogether the comparisons reported above indicate that scormg character states of 
terminal phalanx shape in frogs is a difficult endeavour, and along with FABREZI (1996) we 
conclude that this character ts strongly affected by homoplasy. The number of states distin- 
guished appears to depend on which groups of ranoids are studied, and certainly 1s also 
affected by subjective decisions of the different researchers. Liem (1970) focused on rhaco- 
phorids, mantellids and hyperoliids, with some additional taxa as outgroups, and distin- 
guished four states; Drewes (1984) studied mainly hyperoliids and leptopelines, and distin- 
guished four states; CLARKE (1981) studied representatives of dicroglossids, ptychadenids, 
pyxiccphalids and dicroglossids, and distinguished seven states. Scorr (2005) studied most 
lineages of ranoids and distinguished three character states for finger phalanx shape, and 
seven character states for toe phalanx shape. In the present study we used SEM to better 
visualize the phalanx morphology and partly arrived at categorizations different from those 
of previous workers, However, in many cases, especially when terminal structures are weakly 
expressed, i is very difficult to provide a clear categorization and distinction between clear-cut 
states, a dilemma also noted by CLARKE (1981) and Fasrrzi (1996) In addition, ontogenetic 
artefucts may more commonly have the power to obscure genetically determined (and hence 
phylogenetically relevant) underlying morphology in such "reduced" states where the diag- 
nostic shape is not marked by distinctive protruding elements. We do not expect sexual 
dimorphism to occur tn this and most other osteological characters, but such a potential 
influence remains largely unstudied For these methodological reasons alone, and in line with 
the conclusion of CLarkt (1981), the value of the morphology of terminal phalanges to infer 
phylogenies must be seen as very limited. 


A further issue is whether terminal phalanges undergo rapid adaptive modifications and 
can therefore mask rather than resolve phylogenetic relationships. Several authors correlated 
terminal phalanx morphology with habitat and habits. Drewes (1984) hy pothesized that this 
character can be explamed by the frog's habitat, and that the different states may constitute 
specialisations for muscle insertions. Liem (1970) noted that modifications of the terminal 
phalanx were present m most arboreally adapted species, and CLARKE (1981) assumed that 
terminal phalanges often undergo adaptive modifications. 


The survey and comparative analysis presented here indicate, on one hand. an important 
phylogenetic component in terminal phalanx morphology. For example. all species of the 
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subfamilies Boophinae and Mantellinae in the family Mantellidae examined (Lir, 1970; 
VENCES et al , 2002; our data) have a simular, slightly Y-shaped bifurcated phalanx shape (our 
state 1), although the Mantellidae are a rather old group that probably spht from the 
Rhacophoridae in Cretaceous to Paleocene times (Bossuvr & MILINKOVITCH, 2001; VFNCES 
et al., 2003), and although especially mantellines are ecologically and morphologically very 
diverse, containing chmbing as well as largely terrestrial frogs (GLaw & Vences, 2006). A 
similar case can be made for several other groups, such as the Hyperolndae which almost all 
have non-bifurcated phalanges. A phylogenetic components also obvious from the fact that 
several character states were identified in the few non-ranoid taxa examined here which were 
not found in any of the vast number of ranoids studied. 


On the other hand, our data also provide the first significant evidence for shifts in phal- 
anx morphology in concert with shifts ın habits of the frogs. Such an analysis 1s made difficult 
by the plethora of different character states observed We therefore decided to study a single 
pattern, terminal bifurcation of phalanx, where a reasonable working hypothesis could be 
drawn and tested arboreal and rock dwelling climbing frogs have usually evolved (phyloge- 
netically independently; OHLFR & Di nois, 1989) enlarged disks of fingers and toes, and an 
enlarged terminal phalanx may be useful as internal support for this disk, or as attachment for 
muscles that increase disk mobility for improved chmbing A correlation of these characters 
with the presence of an intercalary element between terminal and subterminal phalanges of 
fingers and toes, and of this element with chmbing habits, has already been found by 
Manzanoetal (2007). By coding terminal phalanx shape and habits each as binary charac- 
ters (terminal enlargement of phalanx by bifurcation, vs. no such distinct enlargement; and 
climbing vs. not chmbing) we could apply a statistical test and reject a stochastic distribution 
of both characters along the phylogeny. This indicates that indeed terminal phalanx bifurca- 
uon evolved multiple times in concert with chmbing behaviour, but more sophisticated 
analyses are necessary to better understand this evolutionary process. Since bifurcation differs 
in several metric variables (angle of protrusion of laterotermimal processes, and their length 
and width), and arboreal and rock-dweiling frogs differ in the degree of climbing (e.g . some 
scansorial frogs climb only at might whercas other frogs leave the trees only for breeding), it 1s 
in principle possible to perform a quantitative comparative analysis along а phylogeny. Other 
factors could be taken into account by multtvariate approaches, such as the size of the 
terminal finger disks, the presence of intercalary elements and the structure of digit muscles, 
which may functionally correlate with terminal phalanx shape (MaN7aNoet al . 2007) We are 
convinced that more in-depth deseriptive studies of morphological character states in com- 
bination with character tracing along well-supported molecular phylogenies will be highly 
informative to understand theu ecological correlates and adaptive value. Along with Scor- 
LAND et al (2003). but acknowledging the criticims of JENNI в (2004) and Wit ss (2004) to a 
generalization of this approach, we believe m the usefulness of detailed analysis of particular 
morphological characters. ın this case in anuran osteology. In contrast to uncritical studies 
that am to add а maximum number of morpholog.eal characters 10 data matrices for 
phylogenetic analyses. such detailed and focused morphological analyses are more prom.sing 
They are required to (епу diagnostic and phylogenetically informative chatacters for 
major anuran clades whieh are badly needed to reliably assign fossil forms to evolutionary 
fineages And they will contribute to the long-neglected feld of enuran functional anatomy by 
drawing hypotheses on poss.ble adaptive significances of particular character states 
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List of specimens studied Collection abbreviations are as follows. Musco Regionale di Scienze 
Natural, Torino (MRSN), Museum National d'Histoire Naturelle, Paris (MNHN), Museum of 
Comparative Zoology, Cambridge (MCZ, housed as exchange m ZSM); Zoologisch Museum 
Amsterdam, Amsterdam {2МА), Zoologische Staatssammlung München, Munchen (ZSM), 
Zoologisches Forschungsmuseum Alexander Koenig, Bonn (ZFMK): Thomas Ziegler working 
collection (TZ; specimens to be included in ZFMK). Other abbreviations used. SEM, examined by 
Scanning Electron Microscope, MIC, examined by stereo microscope (and in most cases 
schematically drawn with the aid of a camera lucida) Character states as used and explamed ın the 


text. 
Species Catalogue number SEM/MIC Character state 
Ranin FAMILIES 
[LL tarmmocrris e Miyon, 869: ARTHROLEPTIS AE Mian Vit) 
Anhrolcpnis adoifiriederic: Neden, 191 РМК $8806 MIC M 
Arthroleptis poes ilmotus Petars, 1363 ZEMK 61383, ZFMK 67497 MIC M 
Aniticolcptis sp. 2+МА 68704 MIC M 
Arshrofeptesvarsobitis Matschie. 1393 ZENK 29960 мс м 
Arshraleptes V houtedenetia] sp- ммм 2979 4452 me __ 1 
Arne EPA М уза INGA AFTYEONGERNINAE Noble 1027 ^ 
Astylosternus тоша Armet, 1978 ZEMK 67732 Mic F 
Leprodaciylodon mertensi Perret, 1959 ZFMK 67746 MIC ^ 
[sentahieps gubanteu Loulenger 1900 ZINK 61330, ZEMK 67755 Mic Finger Fi toe 
nook morphology 
‘Trichobutrais побити Bowengee, 100 ZMK 68450-60851 SIM MIC юе), Finger Г, toe 
MIC (fingo) nook morphology — | 
ARHAN FITA Махат, 1869" J PTOPHH I tt Laurent, 1972 
LLepropets bocugn (Canter, 1865) EM 68787-65788 ме А 
[Leptupelis ef mossambuews Poynton, 1985 мк 29444 мс А 
Leptophis mess (Were, 189%) ZMK 61412 MIC ^ 
Leptophis natalensis «Soh, 1849) ZFMN 68783 toverici. mic A 
бк? GES 
LLaptopen natalensis (Suh 1849) ZEMA 68785 SEM, MIC A 
Laptnpeh ruus Rewhenow, 1814 dh MK 67992 Mie A 
‘Bae унс MOTE Honaparie, INS а "a 
reviews fuscus thew tt. 1925 мк бкзак MIC D 
Mianem ите инди ну Эса ХАА / МА KAD ммм 
Сеелтоваталсиноле Mowenger, Ho a ER 
Bütruhetodey leis ичп & Parker, 1970 MOZA лө?» ме н 
SM 21 ‚чук. МСИ 
ANDRE UZSM 21 1998) 
Битии vertebralis lowlenger, IKK MC aaa Mic н 
Cerutobotrurhbus generi Bulent, Ii мк Sou SIM MC D 
аптап согоо Кыт 1853) ZEMK азыл SIM MC E 
DR ROGEOSSIDAE Anerson. 1871 
ара ebeenbergs (eners, 1863) РМК 42542 мк D 
Eajervarva cancrivora (Gravenhorst, 1829) 7EMK 20388 SEM. MIC Awl 
Feria йитикйог tGravenhera, 1829) TZ 526, 2МК 49215 MIC Aor 
Moplobarraciws chieiss € beck 17651 TZ ws ме t 
Limo tes ah (Ysa, 888) т2519 мк F 
Amrana едет ant 189% мк нок MK 1 
Mora or same onsvennuns, 1829) EMK ONES, мк ^ 
ТЕМА ares abge, 
Pe a p ха marine t ters, 1867) 14155 Mic 1 
гри spoons Dal. BEI ZEMK өтө MIC t 
чрйистийеси brovoj heidir, 1099 ZEMK 1379 NM 70.1979 | Mt ۴ 
HE MS Cope. кё? 
This marmorates Paters. IKSI ТЕМК uat ogni MIC П 
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Species Catalogue number L SEM’ MIC Character state 
HYPEROLLHOAE Laurent 1943 
[Afrizatus decorus Pckersgl, 1984 [Zw белә? Mic А 
‘Afrvxatus forsasim (Biancom, 1849) [ZMK 68789 MIC A 
Aprxatesfutvovinatus (Cope, 1861) ZFMK 62576 MIC ^ 
|Afrxalus sp 7РМК uncaialogued SEM, MIC A 
|Afrxotus sp. | 2ғмк 68790-68791 мс ^ 
|Afexatus sp | ZPMK uncatalogucd MIC ^ 
Нагою ulbogumorus (Bowenger, 1882) LZ MK 63793 Mic ^ 
Heteracauss andrakata б.а & Vences, 1991 |ZFMK 52561, 52564 Mic ^ 
Heterixalus besle (Grandicer, 1872) MRSN A.399 4, ZMA 6724, мс А 
|6756 ZMA FN 995 
Hererixatus tureostnatus Andersson, 19.0) MRSN A3937 Mic A 
[Наси madagascarenss (ом & Bion, 841) — ZFMK $2574, 52647 MIC ^ 
|Heterelus punctatus Glaw & Vences, 1994 ZMK 6018. мс А 
Heterixats rutenbergı Boetger, I881) EME $9844 мє A 
Heteraalus tricolor (Boetger, 1881) ZEMK 5253 MIC A 
Heterisatus variabilis (AM, 1930) ZFMK 52578, 53606 Mic ^ 
Нурегойиз argus Peters, 1954 ZEMK 68730 Mic А 
Hiperolius marmoronus Rapp. 1842 ZEMK 68773-68777, МК Mic ^ 
‘sncatalogucd (2 specimens 
|Hyperatrus nasutus Günther, 1865 ZEMK кїз Mic A 
Hyperolus pusillus (Cope, 1852) ZEMK GS MIC ^ 
Hyperohus semudiscus Hews 1927 ZEMK exo Mic ^ 
|Hyperokus sp. РМК urctalogucd мє A 
Hyperolius wheritinguas Smith, 1849 ZFMK 8778 Mic A 
Казани decorata tAngel 1940) ZPMK 67841 MIC н 
Phiyetmantis verrucosus (Bowenger. 1912) ZEMK 524 Mic M 
Tachyenems seychellensis (Dumênl & Bibron. 1841) LMK 62859. 62879 мє м 
MAVTHLDAF Laurent. 1946 | 
LAglvptodacivts madagascarsersis (Dumer |, 6533 ZFMK 18954 SEM MIC F 
Aslyptodaetyas madagascarensis (Duménl, 1853) ZFMK 52682, 60889 Mic E 
Blommersia witte (Guibé, 1974) ZFMK 53594 мс 1 
Bocas brevet Glaw & Vences. 1992 ZEMK 50651 MIC 1 
Boophus cf. madagascariensis (Peters. 1874) MRSN MIC 1 
Benplus dea (Stewdachner, 1867) AMK 53649 MIC 1 
Bonphis minatus (Mescquard, 1902) ZEMK 48165 Mic 1 
Boopis sp Mf siblans ZMK 62197 MIC 1 
Вон tephroernnssta Mumin, 1853) ZMK окш sm 1 
Boopinstephraeoensuae Duel, J453) мк 68811 SEM. MIC 1 
[Gephyramunns webb (Grand von. 1953) мк 52726 Mic D 
(бета садаган t Boettger, 1913) ZEMK 8877 мс 1 
Guhemantıs flashes t Blommers Schlösser 1979) | ZMK 17021 Mic 1 
LLatosoma tabrosum (Cope, 1868) ZMA FN S. MIC r 
ZFMK 52755, 59965 
Lubostoma ғои (Cope, 1868) ZMK 8890, 59967 SEM мс D 
Manta aurannure Моди. LA ZFMN 68407 Mic 1 
Mamet crocea Prtak & Вои 190 ZFMK 6806 Mic 1 
Mutela nasdugascurteno trandidie, 1872) ZMK бн MIC 1 
Mazisducrshes cborenates (Mailer 1992) ZEMK 25373 Mic 1 
Мили tes grander Mocquars 1895 MSN MIC i 
Murindocrstesuicerosus Васцвет Vi амь Gros SM MC i 
тонн» ael (Methaen & Hewat, 2913) AMK оз! MIC 1 
Ми конолу Gamer. 1858 
одоти іа montano Angel 1925 MNHN 1972 1112 SIM MIC © 
Calne кшдш «Шуй. 1856) мк do 45 Mic 1 
Copli cates dorluetona Loveridge 1940) MC? 71551-71382 Mic н 
Cophrestus прот Zweifel. Vnd мса T0189 live мк н 
Cophsta phsfdacista Воендет 1X40 ZEMK көзө Mic с 
Dermutonotis тиейеп Bosttgct URS) ZMK эю? мк 1 
Gostrepbrire cf ончасеа tHaltoweli 1856) мк бана SEM мс M 
Autonta pulchras Gray. 1838 мк 6462 Mic нито) 
Mazafvla picts Наме (вау 12930 мк 1 
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Species Catslegae number I SEM MIC Character state 
MICKOIYLIDAE Güriher, 1858 (continuation) 
"Fhrynomanus bifasciatus (Simah, (847) ZEMK 68343 SEM, MIC Gitends to JI 
Phrynomantis byfascianus (Smh, 1847} |ZFMK 68844 MIC G ends to J 
Phrynamantes microps Peters, 1875 ZEMK 68842 SEM. MIC G (lends to. 
Scaphophrvne brevis (Boulenger, 1896) MNHN 1975 2612 SEM. MIC E 
[Scaphiophrsne colcarata (Mocquard, 1895) LFMK 59998 SEM, MIC F 
Scapinophryne marmoruia Boulenger, 1882 ZMK 50150 MIC н 
PETROPEDETIDAE мое, 1931 
|Petropedetes sp. MNHN 1989 3999 [SFM GB) MIC н 
PHRYNOBATRACHIDAE Laurent, WAT 
Phrmobairachus aurin Boulenger (900 'ZFMK 63261 MIC G 
Phrynobatrachus cf versicolor Ah, 1924 ZFMK SERR Mic пм 
Phrynobatrachus cricoguster Perret, 1957 ZEMk 67299 мс E 
Phrynobatrachus mebabrens FitzS mons, 1932 ZPMK 68821 SEM (toe iV), MIC м 
Phrynobamuchus mobadreasts FitsSimons, 1932 ZFMK 68822 MIC M 
|[Phrenobatrachus natalensis (Smith, 1849) ZFMK 68816-68817, ме м 
889-6520. 
[Phrvmohatrachus natalensie ($тиһ, 1849) ZeMK бїк SEM finger 1), М. M 
Phrynobatrachus werneri (чеси, 1910) ZEMK 6x033 SEM (lor VY М.С | Finger M tends io НЬ, 
toc IV M 
|Pheuiobatrackus of werneri (Nieden, 1990) ZFMK 47960. 47992 MIC ном 
Phevavdion of sunderson: (Parker, 1935) ZEMK 67142, 68253, 68257 мс н 
Phrnodon cf sanderson (Parker, 1935) МК 68 79 SEM MIC " 
PrYCHADEWDAE Dubois, VORT az | 
Pnchadena hrom (Ma lowell. 1845) ZINK 15420 MIC T 
rschadena bbrom (з омей, 845) ZMK 17017 мс Finger E, toe 
hook morphology 
[Prvehadena scinlukerum (Werner, 1908) 27мк MOS mic F 
Prychadena waseureruensis (Dumenl & Bibron, 184) ZEMK 55.57 SEM, MIC Finger E, tot 
A, ending lowanls 
book morphology 
Pryehudena marcoreniensis (Duman & Bibron, 184 ) ZEMK 55621 MIC E 
Fevchudena ef mascaremensis (Оше & Bibron, 1841) da MK 6882648827 | мс t 
PINICETHALADAE Bonaparte, 1890 d = em 
"acosternum boctigeri (Bou.erger, 1882) ZFMK 33,16 MIC 5 F 
Cacosiernum Һоепукт Вов enger, 1882) ZPMK 33.17 SEM. MIC D 
Muralobotraehs bonebergs Hewitt & Methuen, 912 ZMK 68812 SEM MIC н 
Aotalohatroekus bonvbery емир & Methuen, .912 ZEMK өххізкміа мс н 
Strongvlopus gravo (Smith, 1849) ZEMK 33097 SEM.MIC M 
Tomoprerna delalondis (Tschudi, 1838) ZEMK 44508, MC F 
Tomopterna natulensis (Sth, 1849) ZEMK 33 64.6815 ме E | 
бмр s mop RIA x 
vana) cf ulholabris (Пайне. 56) MN IN XS TT Mc 1 
Haruna (Amina) tepus (Andersson, 1903) ZEMK 64830 мс м 
Hsturana cetvdouphytus? galamensis (Duren & Bibron, 184 э} LFMK 6167 SEM MIC м 
Ph taranu tHrlarana) macrodactvu С anther. 1859 те бө? ZEMK 4058 мс м 
Милано бух апар зигота (Blyth. 1856) 12 67,756 мс м 
uhobates cutesbenamis (Shaw, 1X2) ТЕМЕ, uncstaloywed ме F 
2 vems 
dorum tends int, KSB} тоз Mt м 
RE таз SEM. MIC M 
Кола alata emper s Banapane, +£ ZEMK 68821 Mic м 
Кани temporaria  inseus, 1748 ЕМА ancatalogued мс м 
Saurus sp ZEMK 16597 SEM MC " 
Stm sp Mk 16508 MIC н 
desk. blige S > Е 
| tremetns хегитреў'ни Ре IE мк "T 
Clovenauts verampetina Peters, WS EEN 68795, SEM мк Й 
[Aratus уези тиз Ваш 185531 тета ме 1 
Рой аах etes Gunther 1558 ZEMK 98707 6709 Mic 6 
Bulipedates vice Gunther. 18% ТМА ancaalogued ме m 
BESTEN 
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eum EC RNC E 7 
RHACOPIONIDAE Нойтап, 1932 (continuation 

Palypedates maculatus (Gray, 1830) [ZEMK 13784-13785 MIC 6 

Potypecates otitophus (Bouienger, 1893) ZMK 68852 SEM MIC 6 

Rhacophorus dennysi Blanford, 1881 РМК 65461 SEM, MIC 6 

has ptor nogropotmatus Bewenger K9 [ZMK une guod MIC o 

NON-RAXOID FAMILIES 

Bowaiwaronioat Gray, RIS 

Bombina sp. [ZFMK wocaalogued MIC Е 
Cevrnocewinae Taylor, 1931. 

ishroharachum Йенейидин (enger V) [мк oes зым x 
DENDROBATIDAE Cope. 1865 

[Ameerega siversione (Myers & Озу, 1979) ТЕМК 40709, 68828 MIC E] 

Colostethus mubicolo (Duro, 1924) ZPMK 46044 MIC н 

Dendrobates auratus «Girard, 1855) ZFMK 6057 мс н 

LDendeohotes fewcometas Stemdschner, #64 ZEMK 68839 MIC " 

Dendrobotes tinctories (Cuvier, 1797) ZFMK 68058 мс н 

Fprpedobates boulengeri (Barbour, 1909) ZFMK 68429 MIC н 

Oophaga lehmanni (Myers & Daly, 1976) ZFMK 68834 MIC н 

| Cepha punito (Schmidt, 1857) {кмк 68836 MIC н 

[.— DiscoctossipAE Ganther, 1858 

Duscogiosius сї golgano, Capula, Nascer, Lanza. Dell & | Zi Mk uncawslogued MT [1 

Crespo, 1983 

Pocagtossues mowtatentn Lanza, Nascem, Capula & Bull, | ZFMK uncatalogved мс м 

эм 

Discogtossus sardus Tschudi ın Оп, 1837 .£EMN vocatatogued мс м 
HELROPHRYVIDAE Noble. 1931 Ж 

[Heleopheyne regis Hew, 190 ZFMK 68769-58771 Mic 6 | 
Ник Rofinesave, 1815 = 

Agalychns cathdevas (Cope, 1862) АМК uncta guod SEM MIC T 

Ista arborea (Linnaeus. 1148) ZEMK 68766 мс t 

Hila cinerea (Schneider, 1799) Zt MK uncatalogued. Mic t 

Phyllomedusa suuvagn Bowienger, 1X82 |ZEMK uncnalogued. Mic ^ 
MEGOPUR DAE Bonaparte, 1650 

Magopher masuta (Schlegel. 1858) ZAM 6x53 Mic А 
MYOBAFRACHIDAE Schlegel, 650 

Linnodynasies sp. МК алай MIC D] 

Preudophrone bibronn Gomer, 1859 Be ET] SEM. MIC E 
Рим Cray VOS. 

Thmenochirus bootigert (Tormer, 1896) ZEMK аласа SEM MIC T 

Pipa corvathor Miranda Ribeiro. 1937) ФМК wncatalogued SEM lioe), F ger’ B. lee E 

MIC Finger a te toe 
гопа tropicals bray, 1864 ZFMK uncatslogsed MIC N 
глориз эн оними Abl. 1924 ZIM uncatalogued SIM MIC. c 

Ch LOKIIPIDAE Bonaparie 1950 Е 

Ran akera дагъ Dummer ТА B bron Ls [EZ MK M 
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